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bstract
The liver fluke Fasciola  is one of the commonest causative agents of liver disease in the world. Infection with this organism is of
eterinary and medical importance, particularly in areas of high-density cattle and sheep production. Sodium hypochlorite (NaOCl)
as been suggested for use in the control of Fasciola  transmission. The current study was designed to evaluate the effect of NaOCl
n the eggs and their intermediate hosts (Lymnaea  natalensis  snails) by scanning electron microscopy. Exposure of eggs to NaOCl
ad markedly deleterious effects on the whole body surface, from smooth to oedematous and disrupted, and on their integrity.
hese effects were concentration-dependent. Treatment of the intermediate host with various concentrations of NaOCl increased
he mortality rate, and the effect was also dependent on concentration and length of exposure. Scanning electron microscopy of the
nail foot region showed extensive alterations of the surface, with damage in some areas, after treatment with 10 ppm NaOCl for
5 min. Sodium hypochlorite may therefore be a useful control measure for eliminating both Fasciola  eggs and the intermediate
nail host.
 2014 Taibah University. Production and hosting by Elsevier B.V. All rights reserved.
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Fascioliasis is a disease caused by liver flukes of the
genus Fasciola  [1,2] and is an important veterinary prob-
lem, particularly in regions with intensive sheep or cattle
production, leading to high economic losses [3,4]. It is
now also recognized as a human disease of public health
importance [5] in populations with low infection rates
[6,7].
Several species have been described within the genus
Fasciola, but only two, F.  hepatica  and F. gigantica,
commonly infect animals and humans [6]. The life
cycle begins when the adult lays eggs, which are
excreted in the faeces after about 1 month. One adult
F. hepatica  produces 10–20 thousand eggs a day, which
are expelled in the stools. Under optimum conditions
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of humidity, temperature and light, the eggs hatch and
release miracidia, the initial larval forms that infect
Lymnaea spp. freshwater molluscs [1].
Chemotherapy is one of the most widely used meas-
ures to decrease the incidence of infection with Fasciola
spp.; however, due to the emergence of resistance and
the cost of treating animals, especially small ruminants,
alternative measures have been sought, especially to
eliminate eggs present in the environment [8,9]. One way
of reducing the incidence of fascioliasis is to de-link the
life cycle of the fluke, by destroying the intermediate
host; however, synthetic molluscicides used to control
the population of the snail vector disturb the ecological
system and lead to resurgence of mollusc populations
[10].
Sodium hypochlorite (NaOCl), electrochemically
derived from aqueous sodium chloride solutions, is the
most convenient source of active oxygen. It is non-toxic,
safely used in drinking-water [11], easily excreted and
can readily penetrate cellular membranes because of its
low molecular mass and small size [12]. NaOCl is a well-
known, potent disinfectant, and solutions are effective in
limiting the infectivity of a variety of viruses, bacteria
and fungi [13–15].
The aim of the present study was to determine the
activity of NaOCl on Fasciola  eggs and on the interme-
diate snail host, Lymnaea  natalensis, for potential use to
control transmission of Fasciola  spp.
2.  Materials  and  methods
2.1.  Biological  materials
One hundred adult Fasciola  worms were collected in
0.85% NaCl from naturally infected sheep slaughtered
in a local abattoir in Al Madinah Al Munawarah. The
flukes were incubated in NaCl for 3 h to release eggs and
then dissected to obtain the remaining eggs.
One hundred L.  natalensis  snails, measuring 3–5 mm,
were kindly supplied by the Theodor Bilaharz Institute,
Giza, Egypt.
2.2.  Sodium  hypochlorite  treatment
A 5.25% NaOCl solution, a commercial bleaching
solution Clorox®, was used. The test solutions were pre-
pared from a stock solution of 100 ppm diluted to 10,
20, 30, 40 and 50 ppm. Eggs were incubated in 10, 30,
40 or 50 ppm NaOCl for 15, 30 or 60 min then fixed in
2.5% glutaraldehyde in phosphate buffer and prepared
for scanning electron microscopy (SEM). Ten snails
were incubated in 10, 30, 40 or 50 ppm NaOCl for 15,ersity for Science 8 (2014) 75–83
30 or 60 min and observed daily for 4 days until death.
Snails were considered dead if they remained motion-
less and did not respond to any disturbance. Control
groups of both untreated eggs and snails were incubated
in dechlorinated water.
2.3.  Scanning  electron  microscopy
The specimens were fixed in 2.5% glutaraldehyde in
phosphate buffer for 3 h at 4 ◦C and then washed in
phosphate buffer pH 7.4. They were then dehydrated
in gradually increasing concentrations of ethyl alcohol
(70%, 80% 95% and 100%) for 30 min. Final dehydra-
tion was carried out in hexamethyldisilazane (C6H19
NSI2). Dried specimens were mounted on a specimen
stub with an adhesive and sputter-coated with gold in
Gold JFC-1600 Autofine Coater. Prepared samples were
photographed under a scanning electron microscope
(JEOL JSM-6060 LV, Japan) at the central laboratory
of King Saud University, Riyadh.
3.  Results
3.1.  Effects  on  eggs
Untreated eggs were oval with a smooth surface
marked at one pole by the presence of the operculum
(Fig. 1A and B). Eggs treated with NaOCl showed
a range of abnormalities, which became progressively
more pronounced with increasing concentrations of
NaOCl and exposure time.
At 10 ppm NaOCl, slight changes were observed in
the eggshell architecture after 15 min (Fig. 1C). After
30 min, the eggs exhibited an irregular shape, the surface
being covered with irregular masses of material, which
were large but few on one side but small and numerous
on the other side (Fig. 1D). After 60 min of exposure,
the eggs had a more “blotchy” appearance, the surface
being covered with irregular masses of material (Fig. 1E
and F).
After 15 min of exposure to 30 ppm, the normally
smooth surface of the egg was interrupted by areas that
appeared to be devoid of material. The eggs had a blotchy
appearance, the surface being covered with irregular
masses of material (Fig. 2A). Exposure for 30 min led to
erosion and breaches in eggshell integrity (Fig. 2B). The
eggs had slightly irregular shapes and a distorted appear-
ance, which resulted in leakage of the cellular contents,
associated with some fragmented material after 60 min
(Fig. 2C).
The results after 15 min of exposure at 40 ppm were
similar to those at 30 ppm (Fig. 2D). After 30 min of
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Fig. 1. (A and B) SEM of normal Fasciola egg, with oval shape and a smooth surface; o, operculum. (C) SEM of Fasciola eggs after treatment
with 10 ppm NaOCl for 15 min. (D) SEM of Fasciola eggs after treatment with 10 ppm NaOCl for 30 min. (E and F) SEM of Fasciola eggs after
treatment with 10 ppm NaOCl for 60 min.
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Fig. 2. (A) SEM of Fasciola eggs after treatment with 30 ppm NaOCl for 15 min. (B) SEM of Fasciola eggs after treatment with 30 ppm NaOCl for
30 min. (C) SEM of Fasciola eggs after treatment with 30 ppm of NaOCl for 60 min. (D) SEM of Fasciola eggs after treatment with 40 ppm NaOCl
for 15 min. (E) SEM of Fasciola eggs after treatment with 40 ppm NaOCl for 30 min. (F) SEM of Fasciola eggs after treatment with 40 ppm NaOCl
for 60 min.
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Table 1
Effects of different concentrations of sodium hypochlorite and various lengths of exposure on mortality of snails.
Time Mortality (%)
10 ppm 20 ppm 30 ppm 40 ppm 50 ppm
15 min 0 0 0 0 0
30 min 0 30 40 70 60
60 min 0 40 60 70 80
24 h 0 60 80 70 90
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reatment, the surface was covered with large irregular
asses of material surrounding the operculum and dis-
ortion with marked shrinkage of the eggs (Fig. 2E). Eggs
ncubated at 40 ppm NaOCl for 60 min had more severely
istorted material, in the form of breaches, clefts and
nvaginations. A carpet of blebs of various sizes covering
he eggshell surface was observed (Fig. 2F).
After 30 min of exposure at 50 ppm, the eggs were
rregular, with a distorted appearance and some frag-
ented areas, especially on one side (Fig. 3A). Extensive
amage to the eggshell in the form of shrinkage, frag-
entation, breaches and invaginations was observed
fter 60 min of treatment (Fig. 3B and C).
.2.  Effects  on  the  intermediate  snail  host,  L.
atalensis
Table 1 shows the concentration- and time-dependent
ffects of NaOCl on the mortality of the snail host. Con-
entrations of 20, 30, 40 and 50 ppm had lethal effects
fter 30 min of incubation ranging from 30% to 60%.
fter 4 days, none of the treated snails had survived.
.3.  SEM  observations
The untreated control snail foot was covered with
 compact sheet of cilia (Fig. 4A and B), making the
entral tegumental surface of the foot almost smooth.
Exposure of snails to 10 ppm NaOCl for 15 min
aused partial damage of the tegumental surface and
xfoliation in the foot region (Fig. 4C and D). When
nails were exposed to 30 ppm, they showed exten-
ive damage of the tegument, particularly at its border
Fig. 4E), and exfoliation, exposing the subtegumen-
al tissue. At 50 ppm NaOCl, extreme disruption of the
iliary arrangement on the foot surface was seen, with
welling of the tegument (Fig. 4F).
With exposure to 10 ppm for 30 min, serious damage
f the surface resembling necrosis was observed,
articularly at the foot border (Fig. 5A). At 30 ppm for90 80 100
100 100 100
30 min, severe necrosis was seen on the ventral surface of
the foot and its border, with erosion (Fig. 5B). At 50 ppm,
disruption of cilia, the appearance of cracks without cilia
and blebs covering the surface were observed (Fig. 5C).
When 10 ppm NaOCl was applied for 60 min, the
surface was extensively damaged with a necrotic appear-
ance (Fig. 5D). Disruption of the cilia on the ventral
surface of the foot, exfoliation, especially at its apex, and
the appearance of subtegumental tissue were recorded.
At 30 ppm, complete removal of the cilia from ventral
surface of the foot was seen, with erosion of the dor-
sal, ventral and lateral tegument (Fig. 5E). At 50 ppm
for 60 min, damage was seen on the tegument, with dis-
ruption of the ciliary sheet, including the apical area
(Fig. 5F).
4.  Discussion
In the present study, SEM examination of Fasciola
eggs after in vitro treatment with different concentra-
tions of NaOCl showed that the naturally smooth surface
of the egg was interrupted by areas that appeared to
be devoid of material, with distorted eggshell material
in the form of breaches, cleft and invaginations and a
carpet of blebs of various sizes covering the surface.
Highly damaged eggs, with shrinkage, fragmentation,
breaches and invaginations, were observed. All these
changes increased gradually with increasing concentra-
tion of NaOCl and length of exposure.
In water, NaOCl dissociates completely into the
sodium cation Na+ and the hypochlorite anion CIO−,
while a small portion hydrolyses into sodium hydrox-
ide and hypochlorous acid [16]. In contact with organic
tissues, hypochlorous acid acts as a solvent, releas-
ing chlorine, which combines with the protein amino
group to form chloramines, which interfere with cell
metabolism. NaOCl also degrades fatty acids, trans-
forming them into salts (soap) and glycerol (alcohol),
thus reducing the surface tension of the remaining solu-
tion. NaOCl also neutralizes amino acids, forming water
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l for 3Fig. 3. (A) SEM of Fasciola eggs after treatment with 50 ppm NaOC
NaOCl for 60 min.
and salt; the departure of hydroxyl ions reduces the pH
[17,18]. In a study to determine the potential of NaOCl
to reduce the risk of species introduction from diapaus-
ing invertebrate eggs in residual ballast sediment, they
were exposed to NaOCl at concentrations 0–10,000 mg/l
for 24 h. Hatching success was reduced by >89% at
1000 mg/l as compared with unexposed controls [19].
Few previous studies have involved SEM of alter-
ations to the eggshell. Cytochalasin B was used as a
microfilament inhibitor in adult flukes and was found
to reduce eggshell formation [20]. Our results with
NaOCl are similar to those of Stitt et al. [20] but with
some difference in the reported changes in morpholog-
ical characteristics. Madhavi [21] and Balasubramanian
et al. [22] reported that the eggshell and operculum
are highly resistant to the dilute mineral acids HCl
and H2SO4 and the alkalis KOH and NaOH, whereas
concentrated acids weaken the junction between the0 min. (B and C) SEM of Fasciola eggs after treatment with 50 ppm
eggshell and the operculum and the operculum is easily
removed.
Other studies have been conducted on the biological
control of helminth eggs. The fungus Pochonia  chlamy-
dosporia was reported to have effective ovicidal action
on eggs of the trematodes F.  gigantica  and Giganto-
cotyle explanatum  in vitro [9,23], and Dias et al. [24]
observed effective ovicidal action of P.  chlamydospo-
ria on Fasciola  eggs after passage through the bovine
gastrointestinal tract. A number of studies have been
carried out on the effect of plant extracts and other
compounds on medically important snails, with various
degrees of success [25–32]; however, no previous stud-
ies revealed the surface alterations in the soft parts of
L. natalensis, particularly the foot. These alterations are
similar to those reported by Eissa et al. [29] in Biom-
phalaria glaberata, the intermediate host of Schistosoma
mansoni.
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Fig. 4. (A and B) SEM of untreated Lymnaea natalensis snail foot. (C and D) SEM of L. natalensis snails exposed to 10 ppm NaOCl for 15 min.
(E) SEM of L. natalensis snails exposed to 30 ppm NaOCl for 15 min. (F) SEM of L. natalensis snails exposed to 50 ppm NaOCl for 15 min.
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Fig. 5. (A) SEM of L. natalensis snails exposed to 10 ppm NaOCl for 30 min. (B) SEM of L. natalensis snails exposed to 30 ppm NaOCl for 30 min.
in. (D)
. (F) SE
(C) SEM of L. natalensis snails exposed to 50 ppm NaOCl for 30 m
(E) SEM of L. natalensis snails exposed to 30 ppm NaOCl for 60 min
The results of this study demonstrate the effective-
ness of NaOCl in disrupting Fasciola  eggs and also its
molluscicidal efficiency for controlling the intermediate
host L.  nantalensis  in terms of mortality rate and surface
changes of the ventral foot. SEM of L. natalensis snails exposed to 10 ppm NaOCl for 60 min.
M of L. natalensis snails exposed to 50 ppm NaOCl for 60 min.
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